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Genotypes A and B of Cadophora gregata Differ in Ability  
to Colonize Susceptible Soybean 
G. M. Tabor, G. L. Tylka, and C. R. Bronson, Department of Plant Pathology, Iowa State University, Ames 50011 
Brown stem rot (BSR) of soybean (Gly-
cine max (L.) Merr.), caused by the fungal 
vascular pathogen Cadophora gregata 
Harrington & McNew (4) (Phialophora 
gregata) (Allington & D.W. Chamberlain) 
W. Gams (AC) (1), is an economically 
important disease of soybean in the north-
central United States. BSR is prevalent in 
68 to 73% of the soybean fields of Illi-
nois, Iowa, and Minnesota (18). The cur-
rently recommended BSR management 
strategy is use of BSR-resistant soybean 
cultivars combined with rotation to non-
host crops (19). 
There are two genotypes of C. gregata 
that differ in their ability to cause foliar 
symptoms on susceptible soybean (3,5). 
Infection by genotype A of the fungus can 
result in severe foliar symptoms on suscep-
tible soybean and mild to no foliar symp-
tom on resistant soybean. In contrast, in-
fection by genotype B (3), also described 
as genotype M (5), of the fungus causes 
mild to no foliar symptoms on both sus-
ceptible and resistant soybean. Genotype A 
also colonizes stems of susceptible soy-
bean more severely than it colonizes stems 
of resistant soybean (16). The severity with 
which genotype A colonizes resistant and 
susceptible soybean has allowed the devel-
opment of a new screening method for 
resistance to genotype A that relies on 
assessment of stem colonization rather 
than foliar or stem symptoms of BSR (14). 
However, it is not known whether this 
method also works for screening soybean 
for resistance to genotype B. 
There are reports (6,7) of genotype B 
being more frequently isolated from 
PI88788-derived BSR-resistant soybean 
genotypes than from other BSR-resistant 
or BSR-susceptible genotypes. Further 
research is necessary to test whether or not 
genotype B preferentially colonizes 
PI88788-derived soybean genotypes. 
Elucidation of the differences between 
genotypes A and B in colonization of soy-
bean stems will help to (i) understand why 
genotype B is considered less aggressive 
than genotype A and (ii) answer whether 
the new BSR screening method (14), 
which is based on assessment of stem 
colonization, can be used to screen soy-
bean for resistance to genotype B. The 
specific objective of the research reported 
herein was to investigate whether genotype 
A and genotype B differ in their ability to 
colonize stems of soybean cultivars tradi-
tionally described as resistant or suscepti-
ble to BSR. 
MATERIALS AND METHODS 
Three experiments were conducted to 
assess colonization of soybean stems or 
severity of stem and foliar symptoms by C. 
gregata; each experiment was repeated 
once. 
Assessment of stem colonization over 
5 weeks. In this experiment, colonization 
of soybean stems by both genotypes of C. 
gregata was assessed over a 5-week pe-
riod. Three soybean genotypes, one geno-
type A susceptible (Sturdy) and two geno-
type A resistant (BSR101 and Jack) (Table 
1), were inoculated with each genotype of 
the fungus. Plants were arranged in a ran-
domized complete block design; blocks 
were locations in the growth chamber. 
There were three blocks, and each treat-
ment combination (one plant) occurred 
once in each block. The experiment was 
repeated once (experiments 1A and 1B). 
Colonization of stem by each genotype of 
the fungus was assessed weekly as de-
scribed below. 
Assessment of stem colonization and 
stem and foliar symptoms at week five. 
This experiment determined colonization 
of soybean stems and stem and foliar 
symptoms by both genotypes of C. gre-
gata. Nineteen genotype A-resistant or 
genotype A-susceptible soybean plants 
(Table 1) were inoculated with each patho-
gen genotype. There were seven blocks, 
and each treatment combination (one 
plant) occurred once in each block. The 
experiment was repeated once (experi-
ments 2A and 2B). Colonization of stem 
and stem and foliar symptoms were as-
sessed, as described below, after 5 weeks. 
Assessment of stem colonization 
within hours. This experiment determined 
how high the fungus traveled up in the 
stem shortly after inoculation of soybean 
seedlings at the base of stems. Two soy-
bean genotypes, one genotype A suscepti-
ble (Sturdy) and one genotype A resistant 
(BSR101), were inoculated with genotype 
A of C. gregata. There were four blocks, 
and each treatment combination (one 
plant) occurred once in each block and the 
experiment was repeated once (experi-
ments 3A and 3B). Colonization of stem 
by the fungus was assessed, as described 
below, 1 and 24 h after inoculation. 
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Soybean genotypes. Soybean genotypes 
used in these experiments either were the 
original sources of BSR resistance used in 
most commercial genotypes or have been 
reported as BSR resistant or BSR suscepti-
ble (Table 1). In this article, BSR-resistant 
and BSR-susceptible means resistant and 
susceptible, respectively, to genotype A of 
the C. gregata; resistance or susceptibility 
to genotype B has not been defined. 
Seed of each genotype were planted in a 
pasteurized mix of soil, sand, and perlite 
(2:1:2) in 4- by 21-cm plastic, cone-shaped 
containers (Stuewe and Sons, Corvallis, 
OR). There was one plant per container, 
and plants were grown in a growth cham-
ber set at a constant temperature of 22ºC; 
actual mean temperatures ranged from 18 
to 22ºC depending on the experiment. In 
all experiments, plants were grown under 
16 h of light and were fertilized weekly. 
Inoculation or infestation. Genotype A 
of C. gregata strain (OH2-3) used in the 
study was a single-spore isolate of strain 
OH2 (16) provided by Cecil Nickell at the 
University of Illinois. An isolate of geno-
type B, 98A5-6, was provided by Craig 
Grau at the University of Wisconsin-
Madison. The genotypes of the isolates 
were confirmed by the molecular method 
used by Chen et al. (3) and the isolates dis-
tinct colony morphology on green bean 
extract (GBE) medium (ground, frozen 
Phaseolus vulgaris L. green pods at 35 
g/liter plus agar at 20 g/liter). Cultures were 
started on GBE medium supplemented with 
ampicillin at 50 mg/liter and were incubated 
at room temperature (21 to 23ºC) until 
abundant sporulation was evident. 
In all experiments, C. gregata inoculum 
was introduced in the stem. Conidia of C. 
gregata were suspended in 0.8% water agar 
(2.7 × 107 conidia/ml). The conidial suspen-
sion was thoroughly mixed into a paste. 
Stems of 2-week-old plants were punctured 
approximately 2 cm above the soil line with 
an 18-gauge needle (Becton Dickinson, 
Franklin Lakes, NJ) with its bevel filled 
with the inoculum paste. A needle with 
water agar paste without conidia was 
stabbed into stems of control plants. 
Incidence and severity assays. In ex-
periments 1A and 1B, incidence and sever-
ity of C. gregata colonization was assessed 
weekly over a 5-week period. In experi-
ments 2A and 2B, incidence and severity 
of BSR symptoms and C. gregata coloni-
zation were assessed once, 5 weeks after 
inoculation. In experiments 3A and 3B, 
incidence and severity of C. gregata colo-
nization was assessed 1 and 24 h after 
inoculation. In all experiments, to deter-
mine the extent of C. gregata colonization 
or internal stem discoloration, stems were 
cut at the soil line and were immersed for 
3 min in 70% ethanol, followed by 5 min 
in 10% Clorox and a final rinse in sterile, 
deionized water. Stem length was meas-
ured and the stems were cut into 2-cm-
long pieces, except in experiments 3A and 
3B, in which stems were cut into 0.5-cm 
pieces. In experiments 1A, 1B, 3A, and 
3B, each stem piece was plated on GBE 
agar supplemented with ampicillin. In 
experiments 2A and 2B, in which both 
discoloration and colonization data were 
collected, the stem pieces were split in half 
lengthwise and discoloration was assessed 
before one half of each split stem piece 
was plated on GBE agar supplemented 
with ampicillin. In all experiments, the 
relative position of each stem piece on the 
plant was recorded, and plates were incu-
bated at 15ºC in the dark for 15 days. The 
emerging fungal mycelia were examined 
for characteristic C. gregata conidia and 
conidiophore morphology under a micro-
scope. A stem piece was considered colo-
nized if C. gregata was recovered from any 
portion of it. In all instances, stems were 
colonized starting from the base up to the 
maximum height colonized without gaps. 
Severity of colonization was calculated as 
(highest point of stem colonized/total plant 
height) × 100. 
Internal stem discoloration was assessed 
visually. A plant was considered discolored 
if there was any visible dark brown discol-
oration on the vascular tissue or the pith on 
any of the stem pieces. Severity of discol-
oration (percent stem length discolored) 
was calculated as (highest point of stem 
discoloration/total plant height) × 100. 
Foliar symptoms were assessed as the 
proportion of symptomatic trifoliate leaf-
lets. Each trifoliate was recorded as 
healthy, chlorotic, stunted, necrotic, or 
abscised. If a leaflet was normal in size, 
not deformed, and not necrotic, it was 
recorded as healthy or chlorotic depending 
on the predominant (>50%) color of the 
leaflet. If a leaflet was abnormally small 
and deformed but not necrotic, it was re-
corded as stunted. If there was any necrotic 
area in the leaf, it was recorded as necrotic, 
and if the leaflet had fallen off the plant it 
was recorded as abscised (missing). Sever-
ity of foliar symptoms was determined 
using the formula: ([stunted trifoliate leaf-
lets + necrotic trifoliate leaflets + abscised 
trifoliate leaflets]/total trifoliate leaflets) × 
100%. Chlorotic leaflets were not included 
in calculations of symptom severity be-
cause many of the noninoculated plants 
had chlorotic leaflets. 
Data analyses. All statistical analyses 
were conducted using the SAS software 
package (version 9.1; SAS Institute Inc., 
Cary, NC). Noninoculated controls were 
not included in the statistical analysis. In 
experiments 1A and 1B, which assessed 
stem colonization over 5 weeks, data for 
each soybean genotype were analyzed by 
analysis of variance using the Mixed Pro-
cedure treating block as random effect and 
pathogen genotype and weeks (time) and 
pathogen genotype–weeks as fixed effects. 
In experiments 2A and 2B, which assessed 
stem colonization and stem and foliar 
symptoms at week five, soybean genotypes 
were grouped by BSR reaction (resistant or 
susceptible) and data for each pathogen 
genotype were analyzed by analysis of 
variance using the Mixed Procedure treat-
ing block as random effect and BSR-
reaction as fixed effect. Orthogonal com-
parisons were made among BSR reaction 
least square means. In experiments 3A and 
3B, which assessed stem colonization 
within hours, data for each sampling time 




Used in experiments 
 
Reference or sourcea 
Proposed BSR resistance 
gene (source)b 
A95-581022 2A and 2B ISU None 
Corsoy 79 2A and 2B 2 None 
IA3010 2A and 2B ISU None 
P9233 2A and 2B Pioneer Hi-Bred Intl. Inc. None 
Parker 2A and 2B 11 None 
Sturdy All 11 None 
A95-682026c 2A and 2B ISU Rbs1 or Rbs3 
A96-597011c 2A and 2B ISU Rbs1 or Rbs3 
BSR101 All 17 Rbs1 or Rbs3 
IA1006c 2A and 2B ISU Rbs1 or Rbs3 
IA2008Rc 2A and 2B ISU Rbs1 or Rbs3 
PI84946-2 2A and 2B NPGS Rbs1 or Rbs3 
PI437833 2A and 2B NPGS Rbs2 
PI437970 2A and 2B NPGS Rbs3 
W01-1120d 2A and 2B  Rbs3 × PI88788 
Belle 2A and 2B 9 PI88788 
Dwighte 2A and 2B 8 PI88788 
Freeborne 2A and 2B 13 PI88788 
Jacke 1A, 1B,  
2A, and 2B 
10 PI88788 
a ISU = experimental genotypes obtained from S. Cianzio, Iowa State University, Ames and NPGS = 
National Plant Germplasm System, Soybean Germplasm Collection, 180 EASB, 1101 West Peabody
Dr., Urbana, IL 61801. 
b BSR = brown stem rot. 
c Genotypes with resistance derived from BSR101 or PI84946-2. 
d Experimental genotype obtained from Craig Grau, University of Wisconsin, Madison, WI. 
e BSR resistance assumed to be derived from PI88788. 
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were analyzed by analysis of variance 
using the Mixed Procedure treating block 
as random effect and cultivar as fixed ef-
fect. Orthogonal comparisons were made 
among cultivar least square means. 
RESULTS 
Stem colonization over weeks (ex-
periments 1A and 1B). Results were simi-
lar for both experiments 1A and 1B (Fig. 
1). The fungus was isolated from all inocu-
lated plants, but not from any of the con-
trol plants inoculated with water agar paste 
without C. gregata conidia. The respective 
C. gregata genotype was isolated from 
most heights (base to apex) of stems of C. 
 
Fig. 1. Severity of stem colonization after introduction of conidia of Cadophora gregata into the base of stems of 2-week-old plants of one susceptible (S) 
and two resistant (R) soybean genotypes in experiments 1A and 1B. Each data point represents the mean of three replicates with one plant each. Error bars
are experiment-wise standard errors. 
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gregata-inoculated susceptible (Sturdy) 
and resistant (BSR101 and Jack) soybean 
at the first sampling time, 1 week after 
inoculum was introduced directly into the 
stem (Fig. 1). In the succeeding weeks, for 
the susceptible Sturdy, percent stem length 
colonized by genotype A was higher (P < 
0.0001, P = 0.0437 in experiments 1A and 
1B, respectively) than percent stem length 
colonized by genotype B (Fig. 1). Geno-
types A and B did not differ (P = 0.3628 
and 0.4345 in experiments 1A and 1B, 
respectively) in colonizing BSR101 (Fig. 
1). Genotype B colonized Jack slightly 
more (P = 0.0060 and 0.0080 in experi-
ments 1A and 1B, respectively) than did 
genotype A (Fig. 1). The results suggest 
that genotype A and genotype B differ in 
their ability to colonize stems of the sus-
ceptible soybean Sturdy and, to a lesser 
extent, the resistant Jack. 
Stem colonization at week five (ex-
periments 2A and 2B). In experiments 2A 
and 2B, data were collected from a wider 
range of soybean genotypes than in ex-
periments 1A and 1B, and plants were 
sampled 5 weeks after introduction of 
 
Fig. 2. Responses of genotype A-resistant (hollow bar) and genotype A-susceptible (gray bar) soybean genotypes to genotypes A and B of Cadophora gre-
gata in experiment 2A. Severity of stem colonization, foliar symptoms, and stem symptoms were assessed 5 weeks after conidia of C. gregata were intro-
duced into the base of the stems of 2-week-old soybean plants. Soybean genotypes are sorted by their reaction to genotype A, then ranked by increasing 
value of severity of stem colonization. Values are means of seven replicates with one plant each. Error bars are experiment-wise standard errors. 
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pathogen rather than weekly. The fungus 
was isolated from all inoculated plants, but 
not from any of the control plants inocu-
lated with water agar paste without C. 
gregata conidia. In both experiments 2A 
(Fig. 2) and 2B (Fig. 3), mean percent 
stem length colonization by genotype A 
was significantly (P < 0.0001) greater for 
susceptible genotypes than for resistant 
genotypes. Mean percent stem length 
colonized by genotype B was slightly 
greater (P = 0.0132) in susceptible than 
resistant soybean genotypes in experiment 
2A (Fig. 2) but not significantly (P = 
0.2082) different between susceptible and 
resistant soybean genotypes in experiment 
2B (Fig. 3). 
Foliar symptoms. For plants inoculated 
with genotype A, mean percentages of 
symptomatic trifoliate leaflets for the sus-
ceptible genotypes were significantly (P < 
 
Fig. 3. Responses of genotype A-resistant (hollow bar) and genotype A-susceptible (gray bar) soybean genotypes to genotypes A and B of Cadophora gre-
gata in experiment 2B. Severity of stem colonization, foliar symptoms, and stem symptoms were assessed 5 weeks after conidia of C. gregata were intro-
duced into the base of the stems of 2-week-old soybean plants. Soybean genotypes are sorted by their reaction to genotype A, then ranked by increasing
value of severity of stem colonization. Values are means of seven replicates with one plant each. Error bars are experiment-wise standard errors. 
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0.0001) greater than the mean for the resis-
tant genotypes in both experiments 2A 
(Fig. 2) and 2B (Fig. 3). There were no 
significant (P = 0.2979 and 0.9746, ex-
periments 2A and 2B, respectively) differ-
ences between resistant and susceptible 
soybean plants inoculated with genotype 
B, in mean percentages of symptomatic 
trifoliate leaflets in both experiments 2A 
and 2B. 
Internal stem symptoms. In experi-
ment 2A (Fig. 2), severity of internal stem 
discoloration was not significantly (P = 
0.1017) different between resistant and 
susceptible soybean cultivars inoculated 
with genotype A. In experiment 2B (Fig. 
3), susceptible genotypes inoculated with 
genotype A had more (P = 0.0005) severe 
stem discoloration than resistant genotypes 
inoculated with genotype A. For genotype 
B, the difference in internal stem discol-
oration between resistant and susceptible 
soybean genotypes was not significant (P 
= 0.5485) in experiment 2A (Fig. 2) but 
was significant (P = 0.0112) in experiment 
2B (Fig. 3), in which resistant genotypes 
had significantly more discoloration than 
susceptible genotypes. 
Stem colonization at 1 and 24 h after 
inoculation. In experiments 3A and 3B, 1 
h after inoculation, C. gregata was isolated 
from the top parts of the stems of both the 
susceptible Sturdy and the resistant 
BSR101 (Fig. 4). In both experiments, 
there was no difference (P > 0.05) between 
Sturdy and BSR101 in percent stem length 
colonized 1 or 24 h after introduction of 
the pathogen at the base of the stems (Fig. 
4). These results suggest that propagules 
(spores) of the fungus may readily move 
through the vascular tissue (most likely the 
xylem) of both resistant and susceptible 
soybean plants soon after introduction of 
the fungus into the base of stems. 
DISCUSSION 
Our data suggest that soybean cultivars 
commonly described as BSR resistant or 
BSR susceptible are resistant or suscepti-
ble, respectively, to genotype A. Geno-
types A and B of C. gregata differ in their 
ability to colonize stems of susceptible 
soybean. This difference also seems to be 
directly related to the ability to cause se-
vere foliar symptoms on susceptible soy-
bean (Figs. 2 and 3). Upon introduction of 
the pathogens at the base of stems, stems 
of soybean cultivars known to be suscepti-
ble to genotype A were severely colonized 
by genotype A but not by genotype B of C. 
gregata. Thus, the BSR resistance screening 
method suggested by Tabor et al. (14), 
which relies on assessment of stem coloni-
zation by C. gregata, works only for screen-
ing soybean resistance to genotype A. 
Because of the artificial inoculation 
method we used in our experiments, our 
results do not support or refute reports that 
genotype B is more frequently isolated 
from PI88788-derived BSR-resistant soy-
bean than from BSR-susceptible or Rbs-
derived BSR-resistant soybean in the field 
(6,7). In our experiments, genotype B did 
colonize PI88788-derived soybean plants 
slightly more (P < 0.05) severely than it 
colonized Rbs1,3-derived BSR-resistant 
soybean when the fungus was introduced 
at the base of plants and colonization was 
assessed after 5 weeks (Figs. 2 and 3). We 
also have found that cv. Jack (PI88788-
derived) is slightly more severely colo-
nized by genotype B than by genotype A 
(Fig. 1). It has been reported that, when 
grown on soil infested with genotype A or 
genotype B, Jack was more severely colo-
nized by genotype B than by genotype A in 
growth chamber conditions (15). Thus, 
when assessing soybean resistance to 
genotype B of C. gregata, it may be neces-
sary to use soil infestation methods rather 
than stem inoculation. 
Spores of C. gregata appear to passively 
move up the vascular tissue (most likely 
the xylem) of both resistant and suscepti-
ble soybean plants upon inoculation at the 
base of stems (Fig. 4). The fungus is iso-
lated from up to 90% of the stem length in 
both resistant and susceptible soybean 1 h 
after introduction of the fungus. This fast 
upward movement of spores in the stem 
may explain why, 1 week after introduc-
tion of the fungus, C. gregata was isolated 
from the apical stem regions of both resis-
tant and susceptible soybean (Fig. 1). In 
the subsequent weeks, genotype A of the 
fungus advanced with the growing tip in 
susceptible soybean but lagged behind in 
resistant soybean (Fig. 1). The onset of the 
infection process by the passively carried 
spores may trigger resistance reaction in a 
resistant host and, thus, further upward 
movement of the fungus may be restricted 
in a resistant but not in a susceptible soy-
bean genotype. 
In light of our results, it is important to 
distinguish soybean resistance to genotype 
A versus genotype B of C. gregata. 
Whether genotype B causes yield loss and 
whether soybean can be distinguished as 
resistant or susceptible to genotype B 
needs to be investigated. 
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